Microstructure and Mechanical Properties of A356/SiC Composites Fabricated by Electromagnetic Stir Casting  by Dwivedi, Shashi Prakash et al.
 Procedia Materials Science  6 ( 2014 )  1524 – 1532 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET)
doi: 10.1016/j.mspro.2014.07.133 
ScienceDirect
3rd International Conference on Materials Processing and Characterisation (ICMPC 2014) 
Microstructure and Mechanical Properties of A356/SiC Composites 
Fabricated by Electromagnetic Stir Casting 
Shashi Prakash Dwivedia,*, Satpal Sharmab, Raghvendra Kumar Mishrab 
a,bGautam Buddha University, Greater Noida, Gautam Buddha Nagar, U.P. 201310, India  
Abstract 
In the present investigation, A356/SiC metal matrix composite with different weight percent of reinforcements (5%, 10%, 15%) 
were made-up by electromagnetic stir casting. Microstructural analysis, tensile test, hardness test, impact test and fatigue tests 
were carried out in order to make out microstructure and mechanical properties of the composites.  The outcomes of 
microstructural study exposed uniform distribution and low porosity. Minimum porosity was observed for the 5% of 
reinforcement. The mechanical results showed that the addition of SiC particles led to the improvement in tensile strength, 
hardness, toughness, fatigue life. It point out, type of fabrication process and percentage of reinforcement are the effectual factor 
influencing the mechanical properties and observed that when percentage of reinforcement increases in electromagnetic stir 
casting, best mechanical properties are obtained. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The modern development in the field of science and technology demands the developments of advanced 
engineering materials for various engineering applications, especially in the field of transportation, aerospace and 
military engineering related areas [Abedi et al. (2010)]. These area demands light weight high strength having good 
properties [Barman et al. (2009)]. Such demands can only be met by development and processing of aluminum 
metal matrix composite materials [Cetin et al. (2008)]. The main challenge in the development and processing of 
engineering materials is to control the microstructure, mechanical properties and cost of the product through 
optimizing the chemical composition , processing method and heat treatment [Chen et al. (1993)]. 
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 This requires the sound theoretical and practical knowledge of the materials engineers [Du et al. (2012)]. The 
aluminum metal matrix composite materials is the combination of two or more constituents in which one is matrix 
and other is filler materials (reinforcements) [Griffiths et al. (1996)]. If the casting processes of the melted metal are 
applied directly in the state of melted Al matrix with reinforcement, the reinforced MMC parts with the complicated 
shape can be produced [Kang et al. (2007)]. However, it is hard to get the products for the reinforcement to be 
distributed uniformly because of the difference of density in the reinforcement [Mapelli et al. (2010)]. Therefore, in 
this paper, the reinforced metal matrix composites were fabricated with electromagnetic stir casting process 
[Mazahery et al. (2012)]. 
On the basis of literature review and pilot investigations, the compositions of reinforcement elected in a 
multiplication of 5 and the percentage of reinforcements is varies from 0 to 15 % (wt.) in metal matrix. If the wt.  
percentage of reinforcement’s increases more than 15% there is no more effect occurs in physical and chemical 
properties of metal matrix composite.  
2. Materials and Methods 
2.1. Matrix alloy 
In the present work, A356 alloy is preferred. It has exceptionally excellent mechanical properties, fatigue 
strength, pressure tightness, fluidity, and machinability [Sajjadi et al. (2012)]. The chemical composition and 
properties of A356 are revealed in Table 1 and Table 2 [Zoqui et al. (2002)]. 
                                  Table 1. Chemical composition of A356 alloy (wt %).  
Si Fe Cu Mn Mg Zn Ti Al 
6.5-7.5 0.2 0.2 0.1 0.25-0.45 0.1 0.1 Balance 
                          Table 2.  Properties of Silicon Carbide[22]. 
Liquidus temperature 6150C 
Solidus temperature 5550C 
Density (g/cm3) 2.685 
Tensile Strength (MPa) 230 
Hardness (BHN) 75 
Toughness (Joule) 6 
Fatigue strength (1 x 107 MPa) 120 
 
2.2. Reinforcement 
The additions of reinforcements in metal matrix considerably obtain better the wear, thermal and mechanical 
properties. Silicon Carbide (SiC) is collected of tetrahedral of carbon and silicon atoms with strong bonds in the 
crystal lattice. This produces a very hard and strong material [Nagarajan et al. (1999)]. Silicon carbide is not 
attacked by any acids or alkalis or molten salts up to 800°C. In air, SiC forms a protective silicon oxide coating at 
1200°C and is able to be used up to 1600°C. The high thermal conductivity coupled with low thermal expansion and 
high strength gives this material exceptional thermal shock resistant qualities. Silicon carbide ceramics with little or 
no grain boundary impurities maintain their strength to very high temperatures, approaching 1600°C with no 
strength loss. The properties of SiC are shown in Table 3 [Sohrabi et al. (2011)].  
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                                 Table 3. Properties of Silicon Carbide [15]. 
Melting point temperature   2200-27000C 
Hardness (Vickers) 2800-3300 
Density (g/cm3) 3.2 
Crystal structure Hexagonal 
2.3.  Fabrication of metal matrix composites 
 
Fig. 1 shows the schematic of electromagnetic stirring set-up which was fabricated for the MMC A356/SiC 
processing. A356 alloy is heated to above its liquidus temperature in muffle furnace. The temperature was recorded 
using chromel-alumel thermocouple, which was 6500 C. The melt A356 aluminium alloy at a given temperature was 
poured into a crucible as shown in Figure 1. SiC particles with an average size of 25 μm were chosen as the 
reinforcement particles. The amount of silicon carbide is varied from 0%wt to 15% wt in each matrix. The SiC 
reinforcing particles were added on the surface of the molten liquid A356 at 6500 C to the crucible. The SiC 
particles dissolve into the melt material. By providing supply to three phase induction motor, melt material 
(A356/SiC) stirred by an electromagnetic field for a 7 minutes and the stirring speed of melt material was recorded 
210 rpm. The prepared samples were removed from the crucible after cooling. 
 
Fig. 1. Schematic view of electromagnetic stir casting set-up 
3. Results and Discussion 
3.1. Microstructure analysis 
The microstructure of the composites used as an important indicator of the quality of the composites and a 
measure of the effectiveness of the technique adopted for the production.  
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Fig. 2.  Microstructure of A356/SiC MMC for the different percentage of reinforcement at (a) 5% SiC (b) 10% SiC (c) 15%SiC  
 
Figures 2(a), 2(b) and 2(c) show three representative microstructure for the A356/SiC metal matrix composites 
produced by electromagnetic stir casting process. The microstructure of the A356/SiC composites revealed that SiC 
particles were distributed evenly, and very low porosity and regional clusters are observed. This indicates that the 
technique electromagnetic stir casting process utilized for the production of the composite is efficient. 
3.2. Percent porosity analysis 
The density measurements were carried out to find out the porosity of the produced samples fabricated by 
electromagnetic stir casting process. The porosity was achieved by comparing the experimental and theoretical 
densities of each volume percent SiC reinforced composite. The experimental densities of the samples were 
evaluated by weighing the each composite sample. The calculated weight in each case was divided by the volume of 
respective samples. The theoretical density was evaluated by using the rule of mixtures given by: 
 
ߩܣ͵ͷ͸Ȁܵ݅ܥ ൌ  ܸ݋݈Ǥܣ͵ͷ͸ൈ ߩܣͷ͸ ൅ ܸ݋݈Ǥܵ݅ܥൈ ߩܵ݅ܥ                                                                                            (1) 
 
Percent porosity (P) is calculated by: 
ܲ ൌ  ቀͳ െఘಶೣ೛೐ೝ೔೘೐೙೟ೌ೗ఘ೅೓೐೚ೝೌ೟೔೎ೌ೗ ቁ ൈ ͳͲͲΨ                                                                                                              (2) 
 
 
Porosity of electromagnetic stir casting samples for 0%, 5%, 10% and 15% of reinforcement were found 0.55, 
0.39, 0.96 and 1.16 respectively. From the porosity analysis, minimum porosity were observed for the 5% 
reinforcement (Table 4). 
 
               Table 4.  Percentage Porosity of A356/SiC metal matrix composites at different percentage of reinforcements. 
Metal Matrix Composite 
(A356/SiCp) 
Theoretical density 
(g/cm3) 
Experimental Density 
(g/cm3) 
Percentage Porosity 
100%A356+ 0% SiCp 2.685 2.67 0.55% 
95%A356+ 5% SiCp 2.71075 2.70 0.39% 
90%A356+ 10% SiCp 2.7365 2.71 0.96% 
85%A356+ 15% SiCp 2.7622 2.73 1.16% 
 
3.3 Tensile Strength analysis  
 
Strength is the maximum stress that a matter can tolerate under external forces without destruction. For tensile 
testing of A356/ SiC composite material, three samples for each percentage of reinforcement have been prepared as 
per specification which is shown in Figure 3. According to ASTM A356 / A356M - 11 Standard Specification, the 
diameters of the samples are prepared 6 mm and gauge length 36 mm. Table 5 shows the values of tensile strength 
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of samples. It can be noted that the addition of silicon carbide particles improved the tensile strength of the 
composites. The surrounded hard particles in the matrix act as barrier that resists the plastic of composites when it is 
subjected to strain. This can explain the improvements of the tensile strength and hardness in silicon carbide 
composite. The presence of hard particle in a soft matrix increases the dislocation density. It can be seen from Table 
5 that variations of tensile are very low for 0%SiC, 5%SiC, 10%SiC, and 15% SiC of reinforcements, which are 
4MPa, 4.7 MPa, 2.5 MPa and 7.5 MPa respectively. It is apparent that an addition in the weight fraction of silicon 
carbide particle results in an increase in the tensile strength. Average tensile strength of electromagnetic stir casting 
samples for 0%, 5%, 10% and 15% of reinforcement are 232.66MPa, 274.23 MPa, 290.63 MPa and 309.83 MPa 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Dimension for the testing of tensile strength specimen 
 
              Table 5.  Tensile strength of A356/SiC metal matrix composites. 
A356/SiC composite Sample 
Number 
Tensile  strength 
(MPa) 
Variation 
(MPa) 
Average Tensile strength 
(MPa) 
 
100%A356 + 0%SiC 
1 232  
4 
 
232.66 2 235 
3 231 
 
95%A356 + 5%SiC 
1 274.6  
4.7 
 
274.23 2 271.7 
3 276.4 
90%A356 + 10%SiC 1 292  
2.5 
 
290.63 2 289.5 
3 290.4 
85%A356 + 15%SiC 1 310  
7.5 
 
309.83 2 313.5 
3 306 
 
3.4  Hardness analysis 
 
For hardness testing, three samples of A356/SiC composite from each percentage of reinforcement have been 
prepared as per dimension (10 mm x 10 mm x 25 mm).  
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  Table 6.  Hardness of A356/SiC metal matrix composites. 
A356/SiC composite Sample 
Number 
Hardness  
(BHN) 
Variation 
(BHN) 
Average Hardness 
(BHN) 
 
100%A356 + 0%SiC 
1 76  
1 
 
75.66 2 76 
3 75 
 
95%A356 + 5%SiC 
1 82  
4.5 
 
84.16 2 84 
3 86.5 
90%A356 + 10%SiC 1 93  
5.4 
 
96.13 2 98.4 
3 97 
85%A356 + 15%SiC 1 101  
7 
 
104.66 2 105 
3 108 
 
Brinell hardness of A356/SiC composite is associated with the distribution of SiC particles in the A356 alloy. If 
distributions of the SiC particles are good then hardness of A356/SiC composites is high. The experimental data 
shows that the hardness of the metal matrix composit is vary according to the distribution of silicon carbide. It can 
be seen from Table 6 that average hardness of samples for 0%, 5%, 10% and 15% of reinforcement are 75.66 BHN, 
84.16 BHN, 96.13 BHN and 104.66 BHN respectively. 
               
3.5  Toughness analysis 
 
According to EN 10045 standard, three specimens of size (10 mm x 10 mm x 55 mm) from each percentage of 
reinforcements have been prepared. The toughness of A356/ SiC composites is shown in Table 7. Average 
toughness of composites for 0%, 5%, 10% and 15% of reinforcement were found 6.33 joule, 8 joule, 11.5 joule and 
13.5 joule respectively. 
 
                    Table 7.  Toughness of A356/SiC metal matrix composites. 
A356/SiC composite Sample Number Toughness  
(Joule) 
Variation 
(Joule) 
Average Toughness 
(Joule) 
 
100%A356 + 0%SiC 
1 6.5  
0.5 
 
6.33 2 6.5 
3 6 
 
95%A356 + 5%SiC 
1 7.5  
1 
 
8 2 8 
3 8.5 
90%A356 + 10%SiC 1 11  
3.5 
 
11.5 2 10 
3 13.5 
85%A356 + 15%SiC 1 15  
2.5 
 
13.5 2 13 
3 12.5 
1530   Shashi Prakash Dwivedi et al. /  Procedia Materials Science  6 ( 2014 )  1524 – 1532 
3.6  Fatigue strength analysis 
 
Fatigue strength is used to describe a property of materials: the amplitude of cyclic stress that can be applied to 
the material without causing fatigue failure. The technical specifications of fatigue testing machine are shown in 
Table 8. In these cases, a number of cycles (usually 107) is chosen to represent the fatigue life of the material. The 
specimens for fatigue test were machined according to ASTM E466 as shown in Figure 4. Three representative 
specimens from each percentage of reinforcement were prepared for the test. Table 9 indicates the fatigue strength 
of reinforced A356 at 0%, 5%, 10% and 15% SiC particle. The results point out that higher content of reinforcement 
particulates produced higher fatigue strength. 
 
 
 
 
 
 
 
                                                            Fig. 4. Specification for the testing of fatigue strength 
 
                Table 8. Technical data of fatigue testing machine. 
S.No. Parameters Values set as 
1 Number of cycles 1 X 107 
2 Distance of specimen holder Adjustable 
3 Cycle Speed 1.7 Hz 
4 Test Temperature Ambient 
5 Testing Extension Ratio 1.6 – 2.4 
6 Electricity 3 phase, 380 ±10V, 50/60 Hz 
 
 
         Table 9: Fatigue strength of A356/SiC metal matrix composites. 
A356/SiC composite Sample 
Number 
Fatigue Strength at 1 x 107 
(MPa) 
Variation at 1 x107 
(MPa) 
Average Fatigue Strength 
at 1x107 (MPa) 
 
100%A356 + 0%SiC 
1 117  
9 
 
121.33 2 121 
3 126 
 
95%A356 + 5%SiC 
1 125  
29 
 
138 2 135 
3 154 
90%A356 + 10%SiC 1 138  
37 
 
155.66 2 175 
3 154 
85%A356 + 15%SiC 1 152  
50 
 
171.33 2 202 
3 160 
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The microstructure of fracture was carried out to make out microstructural degradations after fatigue test for 
A356/SiC metal matrix composites for different percentage of reinforcements. Fractures were observed for 
A356/SiC composites, shown in Figure 5. Most of the SiC particles concentrations were observed in the fractured 
areas for all the percentage of reinforcements.  
 
Fig. 5. Microstructure of fracture after fatigue test (a) 95% A356 with 5%SiC; (b) 90% A356 with 10%SiC;  
(c) 85%A356 + 15%SiC 
 
Light microscopy and phase contrast observations were carried out after fatigue test for all the percentage of 
reinforcement, shown in Figures 6 and 7 respectively. From the analysis, it can be concluded that more 
discontinuities were observed for 85%A356 + 15%SiC. 
 
Fig. 6. Light microscopy of fracture after fatigue test (a) 95% A356 with 5%SiC; (b) 90% A356 with 10%SiC;  
(c) 85%A356 + 15%SiC 
Fig. 7. Phase contrast of fracture after fatigue test (a) 95% A356 with 5%SiC; (b) 90% A356 with 10%SiC;  
(c) 85%A356 + 15%SiC 
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4. Conclusions 
A356/SiC (25μm) composites at different percentage of reinforcement (0%, 5%, 10%, 15%) were fabricated at 
700º C via direct melt reaction method with electromagnetic stirring. By studying the properties of A356/SiC 
composites produced electromagnetic stirring, the following conclusions can be drawn: 
x Electromagnetic stirring greatly refines the structure of A356/SiC composites. By increasing the 
electromagnetic stirring intensity leads to further grain refinement. 
x Microstructures obtained by electromagnetic stirring were homogenous. 
x The percentage porosity of electromagnetic stir casting samples for the reinforcement 0%, 5%, 10% and 
15% are 0.55, 0.39, 0.96 and 1.16 respectively, very low percentage porosity observed by electromagnetic 
stirring. 
x The tensile strength at 0%, 5%, 10% and 15% of reinforcement are 232.66MPa, 274.23 MPa, 290.63 MPa 
and 309.83 MPa respectively.  
x From the results, hardness of electromagnetic stir casting samples for 0%, 5%, 10% and 15% of 
reinforcement are 75.66 BHN, 84.16 BHN, 96.13 BHN and 104.66 BHN respectively.  
x The value of toughness of A356/SiC composites by electromagnetic stirring for 0%, 5%, 10% and 15% of 
reinforcement are 6.33 joule, 8 joule, 11.5 joule and 13.5 joule respectively.  
x The significant improvement in fatigue strength was observed when fabricated by electromagnetic stir 
casting process. 
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